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Abstract 

In detached Bridgman growth, a gap exists between the growing crystal and the crucible 
wall. According to crystal shape stability theory, only specific gap widths will be 
dynamically stable. Beginning with a crystal diameter that differs from stable conditions, 
the transient crystal growth process is analyzed. The transient shapes are calculated 
assuming that the growth angle is constant. Anisotropy and dynamic contact angle effects 
are considered. In microgravity, dynamic stability depends only on capillary effects and 
is decoupled from heat transfer. However, heat transfer will influence the crystal-melt 
interface shape. The local angles and the crystal-melt-vapor triple junction are analyzed 
and the applicability of the Herring formula is discussed. A potential microgravity 
experiment is proposed which would enhance our understanding of the detached growth 
dynamic stability problem. 
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detached Bridgman growth 
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Germanium in Boron nitride crucible 


a gr =14.3°, 0=165-175° 
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microgravity experiment concept 


Transient from the seed radius to the stationary detached growth radius 



meniscus 
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research motivation 


• we propose to study a transient shape of the crystal growth from a 
small diameter to the diameter dictated by the stationary detached 
growth, in zero gravity. 

• a novel technique to obtain simultaneously the growth and contact 
angles from the transient crystal growth shape is proposed. Advantage 
over the existing technique of drop solidification - no effects of growth 
process on the resulting shape. Shape is defined only by three 
parameters, two angles, and the pressure differential. 

•Possible variations of the growth or contact angle can be estimated. 
Meniscus pinning effects, if present, will be possible to quantify. 

•Effects of angular dependence on the crystal shape close to the singular 
crystalline directions can be experimentally investigated by careful 
analysis of the crystal shape. 
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stability of detached growth in microgravity 

Scaling: distance by crucible radius, r c AP = ( P lop — P bol j r / y 

Deflection of the growing crystal radius from the stationary condition 
Is governed by the equation 

in microgravity, this 
second term is zero 


Solution 



In terms of the crystal shape, Z(r) , we have a logarithmic singularity 
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meniscus controlled crystal shape 


Shape equation 
for zero gravity 


Meniscus equation 
for microgravity 
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zero gas phase pressure differential 


Pressure differential from 
the top meniscus only 


A P = -2 cos # 


crystal radius during 
stationary growth 
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crystal shape for zero gas pressure drop 




A shape of the crystal for the case of zero 
gas differential. The contact angle is 175°, 
and the growth angle is 14.3°. 

The crystal seed radius is 0.1 r c 



o. 
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meniscus in zero gravity 


Meniscus shape derivatives for various pressure drops and for a given contact angle 


Fora range of pressure 
differential, two solutions 
exist for given contact and 
growth angles. The lower 
solution is, however, 
dynamically unstable. 


Red solid line corresponds 
to the case of only upper 
meniscus contribution 
to the pressure drop. 
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summary 


□ A crystal shape theory of the transient from the 
initial condition to the stationary detached growth 
is proposed, valid for zero gravity. 

□ A novel technique is proposed to 
simultaneously measure both contact and growth 
angles from the transient shape. 

□ Second-order effects, such as meniscus pinning, 
or angular dependence of the growth angle, can be 
experimentally studied by analysis of the crystal 
shape. 




